Purpose: To evaluate biochemical failure (BF) and prostate cancer specific mortality (PCSM) in intermediate-risk (IR) brachytherapy patients stratified into favorable and unfavorable cohorts, and to compare those outcomes to patients with low (LR) and high-risk (HR) disease.
Using the Zumteg and Spratt classification system for IR disease, increased failure rates in men with unfavorable IR have been reported following both IMRT and radical prostatectomy [9, 10] . In addition, recently our group reported the results of a prospective randomized trial evaluating the role of supplemental external beam radiation therapy in patients with higher risk features [11] . A subsequent post-hoc evaluation of that study subdividing IR into favorable and unfavorable cohorts concluded that unfavorable IR resulted in a greater rate of biochemical failure but no overall difference in PCSM or overall mortality [12] . In the current study, we evaluate the impact IR stratification into favorable and unfavorable cohorts in a large series of non-selected permanent prostate brachytherapy patients.
Material and methods
From March 1995 till February 2012, 2,502 consecutive patients underwent permanent interstitial brachytherapy for clinically localized prostate cancer by a single brachytherapist (GSM). All patients were treated more than 3 years prior to analysis. All pathology was reviewed by a single pathologist (EA) to minimize inconsistencies in Gleason grading. Risk group stratification was as per the NCCN risk group recommendations [2] . Patients were clinically staged using medical history and physical examination including digital rectal examination (DRE) and serum PSA. Bone scan and computed tomography (CT) of the abdomen/pelvis were obtained at the discretion of either the referring or treating physician.
Pre-planning technique, intraoperative approach, and dosimetric evaluation have previously been described in detail [13, 14] . The brachytherapy target volume consisted of the prostate gland with a 5 mm periprostatic margins and the proximal 1.0 cm of the seminal vesicles with a resultant planning target volume of approximately 1.9 times the actual prostate volume [13, 14, 15] . All post-implant dosimetric calculations were based on day 0 evaluation.
When utilized, supplemental external beam radiation therapy (EBRT) was delivered prior to brachytherapy.
For patients with a pelvic lymph node risk ≥ 10% [3] , the pelvic lymph nodes were included within the target volume. For all others the prostate gland/seminal vesicles were irradiated with margin. When employed, supplemental EBRT was generally administered at a dose of 45-50.4 Gy. However, 354 patients did receive 20 Gy of supplemental EBRT delivered to the prostate gland and seminal vesicles with margin. When utilized, ADT was initiated 3 month prior to implantation and consisted of either a leutinizing hormone releasing hormone (LHRH) antagonist or agonist with or without an anti-androgen. The median and mean duration of ADT was 4 months and 9 months (range 3-36 months). Indications for ADT were prostate cytoreduction and/or adverse pathologic prognosticators.
Following brachytherapy, patients were monitored by physical examination including DRE and PSA determinations at 3 and 6 month intervals. The end-point of the analysis was BF, PCSM, and overall mortality (OM). Biochemical failure was defined as a PSA > 0.40 ng/ml after nadir. This definition has been shown to be particularly sensitive in detecting treatment failure [16] . Patients who failed to achieve a nadir ≤ 0.40 ng/ml were categorized as biochemical failures. The cause of death was determined for each deceased patient. Patients with metastatic prostate cancer or non-metastatic castrate resistant disease who died of any cause were classified as dead of prostate cancer. All other deaths were attributable to the immediate cause of death. Multiple clinical, treatment, and dosimetric parameters were evaluated for effect on survival.
Clinical and treatment variables that were continuous were compared across groups using a one-way analysis of variance (ANOVA). Categorical variables were compared using a chi-square analysis. Biochemical failure, PCSM, and OM were determined using cumulative incidence and cumulative survival curves. USA), while χ 2 and ANOVA tests were formed using either STATA or Social Sciences, version 18.0 (SPSS, Inc. Chicago, IL, USA). Table 1 summarizes the clinical, treatment, and dosimetric parameters of the low, intermediate (stratified into favorable and unfavorable cohorts), and high-risk patients comprising this study. As per NCCN classification, higher risk patients presented with higher Gleason scores, higher PSA, and higher clinical T-stage. In addition, higher risk patients tended to be statistically older with a smaller prostate volume, a higher incidence of percent positive biopsies, were more likely to receive supplemental EBRT and ADT. In addition, high-risk patients had a statistically shorter follow-up but the difference in mean follow-up between the 4 evaluated cohorts was 0.7 years or less. For the entire cohort, the mean day 0 V 100 and D 90 were 96.8% and 119.5%, respectively. For biochemically controlled patients, the most recent PSA was < 0.02 ng/ml. Figure 1 illustrates biochemical failure when stratified by the four risk group categories. The 15 year rate of biochemical failure for patients with low risk (LR), favorable IR, unfavorable IR, and high-risk (HR) was 1.4%, 2.2%, 7.1%, and 11.7%, respectively (p < 0.001). Figure 2 stratifies the same four risk groups by PCSM. At 15 years, the PCSM for LR, favorable IR, unfavorable IR, and HR was 0.3%, 0.6%, 2.2%, and 4.6%, respectively (p < 0.001). Overall 15 year mortality for LR, favorable IR, unfavorable IR, (Table 3) , BF was best predicted by risk group, pre-implant PSA, percent positive biopsies, smaller prostate volume, and ADT duration. Prostate cancer specific mortality was most closely related to risk group, percent positive biopsies, and prostate volume. Overall mortality was best predicted by age, percent positive biopsies, tobacco consumption, diabetes mellitus, and coronary artery disease.
Results

Discussion
Biochemical control rates following local therapy for IR prostate cancer remain variable with multiple brachytherapy series demonstrating superior biochemical control rates when compared to EBRT or radical prostatectomy [1, 11, 12, 17, 18, 19] . However, within each modality, differences in outcome between favorable and unfavorable IR patients suggest that the Zumteg and Spratt IR risk group stratification successfully identifies patients with differing prognosis, which may allow for a more tailored treatment approach.
The results of our study indicate that brachytherapy is highly efficacious for patients of all risk groups. Favorable IR patients have biochemical control rates comparable to those of LR patients (1.4% vs. 2.2% BF at 15 years, Figure 1 ). Unfavorable IR patients had more than a 3-fold increased risk of BF and PCSM (Figures 1 and 2 ) compared to favorable IR patients. However, unfavorable IR patients do have a better prognosis than HR patients. What remains unclear is whether further intensification of treatment with more prolonged ADT and/or more extensive (dose and/or volume) EBRT would further improve the outcome of the unfavorable IR cohort.
However, what is clear is that the absolute difference in BF among favorable and unfavorable IR brachytherapy patients is substantially less than that reported for other modalities. Zumteg et al. reported 8 year biochemical failure rates of 13.9% and 28.9% for favorable and unfavorable IR cohorts following IMRT [8] . Following radical prostatectomy, Yung et al. reported 5 year biochemical failure rates of 12.5% and 33.5% for favorable and unfavorable IR cohorts [10] . In addition, in terms of prostate cancer specific death, Keane and colleagues in a prospective randomized trial of IR patients treated with EBRT with or without ADT reported no prostate cancer deaths at 15 years in men with favorable IR but a 13.1% death rate in unfavorable IR patients [9] . In our study, we report a 0.6% rate of prostate cancer deaths at 15 years in men with favorable IR disease but only a 2.2% risk of PCSM at 15 years in unfavorable IR patients [2] . Overall mortality is closely associated with tobacco use, coronary artery disease, and diabetes mellitus. All 3 of these parameters are amendable to changes in lifestyle and/or intensive medical management. Because of low rates of prostate cancer death at 15 years, future directions should focus on whole body care with implementation of wellness programs.
Shortcomings of our study include that all patients were treated at a single institution by a single brachytherapist. In addition, the decision to use supplemental EBRT (including dose and treated volume) and ADT was not controlled, and may have influenced our outcomes. Strengths of our study included that all patients were treated with a consistent implant philosophy with documented dose escalation (mean day 0 D 90 121.5% of prescription dose).
Conclusions
Patients with favorable IR disease have biochemical and PCSM outcomes comparable to those of patients with LR disease. Although unfavorable IR has greater than a 3-fold increased risk of BF and PCSM when compared to favorable IR, the outcomes remain superior to those men with HR disease.
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